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Abstract 
 

The present study aimed to search for the presence of Cryptosporidium and 

determination the prevalence among patients in Gaza strip. Three hundred stool 

samples were collected from children less than five years old who attended Al-

Nasser hospital and European hospital. The study was done in the period from June 

to August 2007 and January to March 2008. Stool samples were inspected by wet 

mount saline, concentration techniques by formalin after that   acid-fast stain and 

ELISA. The results of the present study indicated that the prevalence of 

Cryptosporidium was 18% by modified acid-fast stain and (16.7%) by ELISA where 

this parasite is uneasy to be detected by direct smear microscopy. It was found that 

12-24 month age groups are more susceptible to infection by Cryptosporidium and 

significant relationship was found between age, sex and the infection. A strong 

association between Cryptosporidium and abdominal pain, nausea and vomiting 

were found with statistical significance p= (0.001). Significant association between 

children who live in camps and a village and cryptosporidiosis with statistical 

significance p= (0.03). There was a relationship between Cryptosporidium infection 

and the children who live close to open swage or have septic tank, statistical 

significance (p=.001). Another association between Cryptosporidium and children 

who their mothers are employee or student with statistical significance p= (0.001). It 

was concluded that cryptosporidiosis still exist among children in Gaza strip and the 

prevalence of Cryptosporidium is high when compared to that in  developed countries 

and staining was very important methods in the detection of such parasite. It is 

recommended that cryptosporidiosis should be considered and attention should to be 

given to such neglected and missed diagnosed parasites. Using acid-fast stain 

methods was found very important. Improvement of the diagnostic techniques used 

in routine parasitology in the local hospitals. 

Key words: Cryptosporidium, prevalence, Gaza, Palestine 
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�Ϟϴϔσ�ΩϮΟϭ�Ϧϋ�ϒθϜϟ�ϰϟ·�ΔϴϟΎΤϟ�ΔγέΪϟ�ΖϓΪϫΔϴϔΨϟ�ΕΎϴϏϮΒϟ��ωΎτϗ�ϲϓ�ϪϋϮϴη�ΔΒδϧ�ΪϳΪΤΗϭΓΰϏ�ˬ�ϊϤΟ�ϢΗ�ΚϴΣ

���ΔΒΣΎμϤϟ�ίήΑ�ΔϨϴϋ���ΕϮϨγ�βϤΧ�Ϧϣ�Ϟϗ�ϝΎϔσ�Ϧϣ�ςϘϓ�ϝΎϬγϺϟ��ˬ��ϰϟ·��ϮϴϧϮϳ�ϦϴΑ�Ύϣ�ΡϭήΘΗ�ΔϴϨϣί�ΓήΘϓ�ϲϓ

�βτδϏ������αέΎϣ�ϰϟ·�ήϳΎϨϳ�Ϧϣϭ�������

��ΪϘϟϭΓήηΎΒϤϟ� ΔΤδϤϟ� ΔϴϨϘΘΑ� ίήΒϟ�ΕΎϨϴϋ�ϊϣ�ϞϣΎόΘϟ� ϢΗ�ΪΨΘγΎΑ�ΰϴϛήΘϟ� ΔϘϳήσϭ�ϡϴϟ� ΎϣέϮϓ�Ϧ�ϡΪΨΘγ� ϢΛ�Ϧϣϭ�ήΜϳ�

ΔτγϮΑ�ΔϏΎΒμϟ�ΔϘϳήσ��ΔϟΪόϤϟ�ϦδϠϧ�ϞϴδΗ�ΰϴϟϻϭ���

� ϞϴϔτΑ� ΔΑΎλϹ� ωϮϴη� ΔΒδϧ� ϥ� ΔγέΪϟ� ϝϼΧ�Ϧϣ� ϦϴΒΗ� ΪϘϟϭ��ΔϴϔΨϟ� ΕΎϴϏϮΒϟ����� ��ϡΪΨΘγΎΑ�ΔϘϳήσ�ϦδϠϧ� ϞϴδΗ�

ΔϟΪόϤϟ�ϪϋϮϴη�ΔΒδϧϭ�����������ΰϴϟϻ�ϡΪΨΘγΎΑ�ˬ�ΎϤϧ·ϭ�ΓήηΎΒϤϟ�ΔΤδϤϟ�ΔϘϳήτΑ�Ϟϴϔτϟ�άϫ�κϴΨθΗ��ϦϜϤϳ�ϻ�ΚϴΣ

ΔϏΎΒμϟ�ϰϟ·�ΝΎΘΤϳ���

ϟ� Ϧϣ� ϦϴΒΗ� ΪϘϟϭ� ϦϴΑ� Ύϣ� ΔϳήϤόϟ�ΕΎΌϔϟ� ϥ� ΞΎΘϨ���ϰϟ���Δϗϼϋ� ΩϮΟϭϭ�Ϟϴϔτϟ� άϬΑ� ΔΑΎλϺϟ� Δοήόϣ�ΖϧΎϛ� ήϬη�

�Ϧϣ�βϨΠϟϭ�ήϤόϟ�ϦϴΑ�ΔΤοϭΔϴΎμΣ·�ΔϟϻΪΑ�ϯήΧ�ΔϬΟ�Ϧϣ�ΔΑΎλϹϭ�ΔϬΟP< 0.05 ���Ύϣ�ΔΤοϭ�Δϗϼϋ�ΕΪΟϭ�Ϊϗϭ

�ΔΑΎλϹ�ϦϴΑΔϴϔΨϟ�ΕΎϴϏϮΒϟΎΑ�νήϋϷ�ξόΑϭ�ΔϴΎμΣ·�ΔϟϻΪΑ�ΆϴϘΘϟϭ�ϥΎϴΜϐϟϭ�ϦτΒϟ� Ϣϟ�ϞΜϣ P= 0.001�ΕΪΟϭϭ�

�ΔΑΎλϹϭ�ϯήϘϟϭ�ΕΎϤϴΨϤϟ�ϲϓ�ϥϮθϴόϳ�Ϧϳάϟ�ϝΎϔσϷ�ϦϴΑ�ΔΤοϭ�ΔϗϼϋϴϔΨϟ�ΕΎϴϏϮΒϟΎΑΔ�ΔϴΎμΣ·�ΔϟϻΪΑP= 0.03 ��

� � ΔΑΎλϹ� ϦϴΑΎϣ� ΔΤοϭ� Δϗϼϋ� ϚϟάϛϭΔϴϔΨϟ� ΕΎϴϏϮΒϟΎΑ�Ϧϳάϟϭ� ΔΣϮΘϔϤϟ� ϱέΎΠϤϠϟ� ϦϳέϭΎΠϤϟ� ϝΎϔσϷϭ�ϥϮϓήμϳ�

ϱέΎΠϤϟϲϓ�ΔϴΎμΣ·�ΔϟϻΪΑ�ϞϴϣήΑ�P= 0.001 �� �� �ΔΑΎλϹ�ϦϴΑΎϣ�ΔΤοϭ�Δϗϼϋ�ϚϟάϛϭΔϴϔΨϟ�ΕΎϴϏϮΒϟΎΑ��ϝΎϔσϷϭ
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                                                  CHAPTER ONE 

                                                   INTRODUCTION 

1- Overview 

Cryptosporidium is a protozoan parasite, which is a well, recognized agent of 

diarrhoeal disease in animals and humans worldwide. Cryptosporidiosis is 

transmitted by either direct feacal oral route or by ingestion of food or water 

contaminated with Cryptosporidium oocyst. The two most commonly detected 

parasites in human cryptosporidiosis are Cryptosporidium parvum and 

Cryptosporidium hominis, which is primarily associated with human, cows and 

sheep. Hence, two or more transmission cycles occur; Cryptosporidium hominis is 

spread by anthroponotic cycle in contrast to C. parvum, which can be anthroponotic 

as well as zoonotic [134].  Moreover, these two species show geographic differences 

in their distribution as a cause of human infection; for example, C. parvum is reported 

to be more common in the UK while C. hominis is more common in the US [43]. 

Cryptosporidium species is an intestinal protozoan parasite that has been recognized 

as a human pathogen since 1976 [40]. While the role of Cryptosporidium parvum as 

a cause of acute diarrhea in developing countries is well documented (Griffiths, 

1998). Studies have proved that there are many places in Gaza strip especially in 

camps where intestinal parasites are endemic. The most recent study for 

cryptosporidiosis prevalence was carried out Al-Nasser paediatric hospital was 

(14.9%) of the tested samples by acid-fast staining technique and (16.3%) using 

ELISA kit among children [6]. Another study in Gaza-Palestine, the prevalence was 

(14.9%) [122]. Other studies in West Bank showed (11.6%) prevalence [2]. 

Epidemiological data on the prevalence of Cryptosporidium infections seem to be 

few in most of the developing countries including Palestine. The prevalence of 

Cryptosporidium in children with diarrhoea in the neighboring countries was found to 

be (8.8%) in Iraq [86], (1.5%) in Irbid, a city in Jordan, [153] and (16.6%), (11.6%), 

(27.9%) in Egypt for the years 1986, 1987 and 1996 respectively [91]. The protozoan 

parasite Cryptosporidium is an important cause of gastrointestinal disease that gives 

rise to a chronic life threatening condition in immunocompromised individuals and to 

acute gastroenteritis and diarrhea in healthy people [28].  
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 This parasite invades epithelial cells of the intestinal tract and respiratory tree of 

vertebrate hosts [132]. Cryptosporidium parvum is infectious for man and virtually all 

other mammals [104]. There are varieties of methods, including microscopy, 

immunological and molecular techniques, for the detection of Cryptosporidium oocysts.  

Microscopic methods include concentration techniques and staining of fecal smears. 

There are difficulties in distinguishing Cryptosporidium oocysts from other small 

particles, such as yeasts, moulds, algae, and plant debris by routine fecal examination 

techniques in fecal and environmental samples [42]. Auramine phenol fluorescence 

(APF) screening followed by modified acid-fast staining (AFS) is a sensitive and specific 

approach for the identification of Cryptosporidium oocysts in stools [27]. The modified 

acid-fast staining technique is useful and the oocysts appear as pink to red, spherical to 

ovoid, bodies on a blue or purple background. The stained smears are permanent and 

can be stored for a long time before examination when the samples are in high numbers 

[126]. Studies done in all continents have shown that the protozoal parasite 

Cryptosporidium parvum is a common enteric pathogen that is associated with diarrheal 

disease and occasional death among young children, especially in developing countries 

and reported prevalence of C. parvum infection among children have varied from less 

than 1% to more than 30% on a population basis [21]. In regions endemic for C. parvum 

where this parasite actively circulates in a community, the risk of symptomatic infection 

during early childhood is in part a function of a child�s exposure to biologic sources of 

this parasite (e.g., intra-familial and extra-familial infected contacts, infected domestic 

animals) and exposure to mechanical vectors such as contaminated food, water, and 

household surfaces [93]. Therefore, reducing a child�s exposure to these biologic 

sources and reducing the parasitic load from mechanical vectors could reduce the 

annual incidence of this disease in susceptible children. In Brazil, up to 17% of cases of 

childhood diarrhea were associated with C. parvum infection [52]. In 2003-2004, 

Cryptosporidium spp. were responsible for 55.6% of gastroenteritis outbreaks associated 

with treated swimming venues (e.g., swimming pools, water parks) in the United States 

[37]. Cryptosporidiosis is endemic in developing countries, such as Mexico, because of 

poor sanitation and crowded living conditions [128].  Cryptosporidium is key role in these 

outbreaks is likely because of its small size, low infectious dose [35], and high tolerance 

to chlorine [72].  
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1.1 Objectives: 
 
1.1.1 The General objectives 

To study cryptosporidiosis among children less than 5 years old and evaluate the 

methods of laboratory diagnosis of Cryptosporidium used in Gaza. 

 

1.1.2 Specific objectives: 

1. To assess of cryptosporidiosis among children less than 5 years. 

2. Evaluation of different diagnostic techniques for Cryptosporidium oocyst              

�.  Detection of Cryptosporidium by Ziehl-Neelsen (ZN) staining.���������� 

4. Detection and confirmation using ELISA for Cryptosporidium oocyst antigen in fecal 
samples. 
 
1.2 Significance: 

Diarrheal diseases are considered as one of the health problems among children in 

Gaza Strip. Also Cryptosporidium is one of protozoan parasites existing in Gaza for 

about two decades. In addition, Cryptosporidium is an important cause of diarrhea 

among children. In addition, immunodeficient patients and respiratory infection patients 

are susceptible groups for cryptosporidiosis. This study will bring into focus this public 

health problem. In addition, the results of this research may draw the attention of local 

physicians to take this parasite into consideration. 
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CHAPTER TWO 
 

                                                           Literature review 
2.1 Morphology:  

 Cryptosporidium oocysts can be observed without sporocysts, with four naked 

sporozoites, monoxenous and microgametes without flagella� [79]. The organisms are 

only 4 to 6 µm in diameter. Free sporozoites are fusiform and measure 3.5 to 4.2 x 0.53 

to 0.6 µm [112]. Sporozoites and merozoites of Cryptosporidium spp. appear similar to 

those of other coccidia with organelles typical of the phylum, such as the pellicle, 

rhoptries, micronemes, electron-dense granules, nucleus, ribosomes, subpellicular 

microtubules, and apical rings. However, they lack other organelles such as typical polar 

rings; mitochondria, micropores, and the conoid Posterior to the apical rings, sporozoites 

and merozoites have a cylindrical collar that appears to be the site of origin for the inner 

membrane complex and the subpellicular microtubules [41]. Unlike other coccidia, the 

sporozoites are free within the oocysts and not surrounded by sporocysts [129]. 

Cryptosporidium parvum appears to contain neither mitochondrion (although they were 

in other Cryptosporidium spp.) nor the plastid commonly found in apicomplexan 

parasites [107]. Apical organelles (i.e., rhoptries, micronemes, and dense granules) are 

vesicular secretory organelles that are present in zoites. Specifically, rhoptries and 

micronemes are at the apical region and have been implicated in host cell adhesion and 

entry [16]. Trophozoite is spherical and contains a prominent nucleolus within a single 

nucleus surrounded by cytoplasm, and a well-developed attachment/feeder organelle. 

During nuclear division of schizogony, division spindles, nuclear plaques, and centrioles 

have been observed [41]. The trophozoite stage is intracellular beneath the host cell 

membrane but is extracytoplasmic [88]. Immature microgamonts resemble schizonts but 

contain small, compact nuclei. Microgametes are rod shaped (1.4 x 0.5 um for C. 

parvum), with a flattened anterior end. Macrogamonts of C. parvum are approximately 4 

to 6 µm. Macrogamonts of C. parvum are spherical to ovoid [41]. The oocyst wall 

consists of outer, central and inner layers, at the outer oocyst wall is a carbohydrate-rich 

glycocalyx, 20 to 30 nm thick, containing traces of a C18 fatty acid [98]. The - 5nm thick 

central layer is composed of complex lipid, possibly responsible for the acid-fast staining 

of the oocyst wall, and is thought to provide a large proportion of the oocyst�s apparent 

rigidity [59]. The inner layer can be further subdivided into outer- inner and inner-inner 

layers. Reduker et al. (1985a) found that the outer-inner layer was of irregular thickness 

(mean, 10 nm) and the inner-inner layer comprised an outer zone (mean, 11.6 nm) and 

an inner zone (mean, 25.8 nm). The inner layer is composed of a filamentous 

glycoprotein [18], susceptible to proteinase K and trypsin, but not pepsin digestion, and 

may provide much of the rigidity and elasticity present in intact oocyst walls [59]. Oocyst 
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wall functions include protecting sporozoites from various adverse chemical and physical 

environments, while remaining robust, yet deformable and sensitive to triggers for 

excystation [98]. Many lipid species are present in C. parvum oocysts. White et al. 

(1997) found different types of both polar and neutral lipids and a number of different 

glycolipid species. Not only were differences in the ratios of these different lipid species 

noted between C. parvum and C. muris oocysts, but also a noticeable variation in the 

ratios of these lipids occurred in viable and non-viable oocysts, with a decrease in the 

levels of cholesterol in C. parvum oocysts killed by freezing. Therefore, the nature and 

quantity of lipid species in oocysts can be used to distinguish between live and dead 

oocysts is an indicator of their importance to the integrity and survival of the oocyst [98]. 

Carbohydrates are at the host- parasite interface and play an important role in the 

composition, structure and antigenicity of C. parvum oocyst walls. Studies on the 

antigenic composition of C. parvum have highlighted the role of carbohydrate moieties 

as significant epitopes [144].  
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2.1.1 Taxonomy and history 

The first individual to establish the genus Cryptosporidium and to recognize its 

multispecies nature was Ernest Edward Tyzzer, who described the type species, C. 

muris, from the gastric glands of laboratory mice. C. parvum differed from the type 

species not only by infecting the small intestine rather than the stomach but also 

because the oocysts were smaller [151]. Following the initial discovery of 

Cryptosporidium, over 50 years elapsed during which the parasite was commonly 

confused with other apicomplexan genera, especially members of the coccidian genus 

Sarcocystis. Because many Sarcocystis spp. have oocysts with thin walls that often 

rupture, releasing free sporocysts, and because each sporocyst contains four 

sporozoites like Cryptosporidium oocysts, a variety of named and unnamed species 

were erroneously assigned to the genus [146]. Subsequent ultrastructural studies, 

however, supported earlier light microscopy studies and reaffirmed endogenous stages 

of Cryptosporidium spp. to possess a unique attachment organelle [143]. This 

attachment organelle, rather than the oocysts, is the key feature that currently defines 

the genus and family [142]. However, it has actually been an integral component of the 

taxonomic definition of the family since at least 1961 [81]. Subsequent cross-

transmission studies demonstrated that Cryptosporidium isolates from different animals 

could frequently be transmitted from one host species to another, which ended the 

practice of naming species based on host origin and the synonymization of many of 

these new Cryptosporidium species as C. parvum. However, for a brief period, these 

very limited transmission studies were used as evidence for the monospecific nature of 

the genus Cryptosporidium, resulting in the widespread use of the name C. parvum for 

Cryptosporidium parasites from all kinds of mammals, including humans. In recent years, 

molecular characterizations of Cryptosporidium have helped to clarify the confusion in 

Cryptosporidium taxonomy and validate the existence of multiple species in each 

vertebrate class. As a result, several new species of Cryptosporidium have also been 

named. Thus, C. andersoni from cattle, C. canis from dogs, C. hominis from humans, 

and C. molnari from fish were all established by using multiple parameters that included 

not only morphology but also developmental biology, host specificity, histopathology, 

and/or molecular biology [95]. The clarification of Cryptosporidium taxonomy is also 

useful for understanding the biology of Cryptosporidium spp. assessing the public health 

significance of Cryptosporidium spp. in animals and the environment, characterizing 

transmission dynamics, and tracking infection and contamination sources [151]. 
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Classification of Cryptosporidium  [20] 

Kingdom Protozoa  

Phylum Apicomplexa  

Class Sporozoea 
  

Subclass Coccidia  

Order Eucoccidiida 
 

Suborder Eimeriina   

Family Cryptosporidiidae  

 
Genus Cryptosporidium 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



�

 

2.1.2 Habitat and life cycle 

Cryptosporidium is taxonomically classified as a Sporozoa, since its oocyst releases four 

sporozoites (its motile infectious agents) upon excystation. C. parvum infects the 

epithelial of the intestinal tract (enterocytes) of various mammals. Exposure to the 

environments of the gastrointestinal tract triggers the poorly understood process of 

excystation, whereby sporozoites are actively released through the oocyst. Known 

triggers include temperature (37°C), acidity (- pH 2), slight alkalinity (- pH 7.6) exposure 

to bile salts and trypsin [117]. However, it differs from related parasites such as 

Toxoplasma by its monoxenous life cycle--completing its entire cycle within a single host 

(Flanigan and Soave, 1993). Cryptosporidium spp oocysts are sporulated and infectious 

at the time of excretion [31]. Furthermore, sporulated Cryptosporidium spp oocysts can 

excyst in the intestine before being excreted in the feces. Thus, the infection persists 

until the immune response of the host clears the parasite. One interesting aspect of the 

Cryptosporidium life cycle is that sexual and asexual reproduction can occur. This life 

cycle begins by fecal-oral contamination, that is, substances (food or water) that have 

been in contact with infected feces that contain oocysts. Oocysts contain sporozoite. 

These ingested oocysts eventually end up in the small intestine where excystation, 

where sporozoites are released into the lumen of the small intestine [127]. Sporozoites 

excyst from the oocyst and parasitize epithelial cells of the gastrointestinal or respiratory 

tract [41]. This phase of the life cycle is most commonly called schizogonic phase or 

merogony. Invasion of a host cell by coccidian sporozoites is a dynamic event of 

considerable interest as the attachment and entry processes involve the sequential 

secretion of the contents of discrete compartments from within the sporozoite. The 

released materials are thought to participate in a number of ways, including the 

penetration event itself and the formation of the vacuolar membrane, which initially 

surround the intracellular parasite. The machinery mediating this invasion process is 

collectively housed in the anterior region of the sporozoite and is known as the apical 

complex [136]. The sporozoite then invades the intestinal cell wall to become a 

trophozoite, the feeding stage of the organism. Soon after becoming a trophozoite, the 

asexual reproduction of this begins with multiple mitoses (nuclear divisions) before 

multiple cytokinesis. These new organisms become merozoites, infective organisms that 

infect other cells within the other body to repeat the cycle [127]. Therefore asexual 

multiplication, called schizogony or merogony, results when the trophozoite nucleus 

divides [41]. Another course of action is to undergo gamegony. The sexual phase of the 
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Cryptosporidium life cycle in which meronts invade different or same cell types is called 

gamegony. These meronts differentiate into gamonts by the way of gametogenesis 

creating male gametocytes or female gametocytes. These gametocytes create gametes, 

microgamete or macrogametes depending on the sex type of the gametocytes. 

Microgametes escape the infected cell and locate macrogametes in infected cell types. 

The merozoites then invade other epithelial cells where they undergo another cycle of 

type I merogony or develop into type II meronts. The type II meronts form 4 merozoites 

which do not undergo further merogony but produce sexual reproductive stages (called 

gamonts) [104]. Therefore, only merozoites from type II schizonts initiate sexual 

multiplication (gametogony) upon infecting new host cells by differentiating into either a 

microgamont (male) or a macrogamont (female) stage [41]. These microgametes will 

fertilize the macrogametes and form a zygote. After a process of meiosis and genetic 

recombination, the zygote undergoes mitotic division developing into an oocyst that 

contains sporozoites during a process known as sporogony. Eventually these oocysts 

are passed out in feces and then through fecal-oral contamination are ingested by the 

next subsequent definitive host [127]. Some reports suggest that oocysts with thin walls 

release sporozoites that autoinfect the host, whereas those with thicker walls leave the 

body to infect other hosts [41]. Approximately 20% of the zygotes develop into thin-

walled oocysts, which represent auto-infective life cycle forms that can maintain the 

parasite in the host. This stage and the persistent meronts are believed to be 

responsible for the life-threatening disease in immunodeficient persons who do not have 

repeated exposure to environmentally resistant forms [88]. Fertilized macrogamonts 

develop into oocysts that sporulate in situ and contain four sporozoites with either a thin 

or a thick wall [41].  
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      Fig. 1. Life cycle of cryptosporidiosis [150] 
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2.1.3 Symptoms 

Symptomatic immunocompetent patients usually present with mild to profuse 

watery diarrhea with an incubation period of 1 to 12 days, with or without mucous, 

rarely with blood or leukocytes. Frequent and voluminous bowel movements can 

contribute to rapid weight loss, dehydration, in 92% of symptomatic 

immunocompetent patients. Other frequently reported symptoms include nausea, 

vomiting, in 51% of symptomatic immunocompetent patients. Other frequently 

reported symptoms include abdominal cramping observed  in 45% of symptomatic 

immunocompetent patients, mild fever (less than 39 degrees Celsius) observed in 

36% of symptomatic immunocompetent patients, malaise, fatigue, weakness, 

respiratory problems [11]. Cough observed in about 30% [58]. Respiratory 

cryptosporidiosis has been increasingly reported, particularly in 

immunocompromised individuals. Symptoms included cough, croup, wheezing, 

hoarseness, and shortness of breath. Chronic cryptosporidial disease is 

commonest in patients with AIDS or malnutrition. Fulminant intestinal 

cryptosporidiosis essentially exclusively seen in person with AIDS or 

chemotherapy-induced immunosuppression, fuliminant cryptosporidiosis is a 

dramatic cholera-like illness with a very high mortality. Profound hypovolemia and 

shock may require intensive care unit management of fluid and electrolyte 

balances [58]. AIDS patients with pancreatic cryptosporidial infections have also 

exhibited bile duct or gall bladder infections. Severe combined immunodeficient 

infant with cryptosporidial enteritis had cryptosporidial in the pancreatic duct 

epithelium at autopsy [11].                     

2.1.3.1 Sequelae 

Few studies exist examining the long-term health effects of Cryptosporidium 

infection. Like other diarrheal diseases, Cryptosporidium infections may impair 

growth and development in children [82]. In addition, some case reports indicate 

the possibility of cryptosporidiosis starting enteropathic arthropathies such as 

reactive arthritis, reiter syndrome, and sacroiliitis [29]. 
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2.1.4 Incidence and distribution  

Cryptosporidium is parasite that has a ubiquitous geographic distribution and 

range of vertebrate hosts [104]. In 16 reports from Europe, North America, and 

Australia, 2.1% were positive for Cryptosporidium in more than 36.000 patients 

with diarrhea  and in 14 reports from Asia, Africa, and Latin America, 8% were 

positive [7]. The prevalence in developing countries is more than in developed 

countries [131]. The study period from September 1995 to August 19997 in Kuwait 

collected 3549 stool samples, 509 children had diarrhea. Cryptosporidium oocysts 

were detected in 51 (10%) children with diarrhea; the fecal sample was analyzed 

by modified safranine methylene blue staining and direct immunofluorescence test 

[67]. Cryptosporidiosis in the Philippines is limited. The disease is not routinely 

diagnosed in the country medical institutions. The researcher collected 53 Filipino 

cancer patients who were surveyed for cryptosporidiosis using an indirect 

immunofluorscent antibody test. Fifteen patients (28.3%) were found to be positive 

for antibodies against Cryptosporidium. This study contributes to a better 

understanding of the incidence of cryptosporidiosis in this country [115]. 

Cryptosporidium oocyst observed in sputum sample of a patient with HIV. The 

samples studied by using DNA markers to determine the species of the parasite. 

C. hominis was identified as the species infecting the patient in respiratory tract; a 

finding that strengthens evidences regarding these pathogens and their role in 

human disease. The researcher describes the detection and identification of C. 

hominis in respiratory secretions of a patient with HIV [90]. Thirty stool samples 

were collected from children suffering from diarrhea and were examined using 

modified acid-fast stain, immunfluorescent test and ELISA; this study was in center 

of abou-El-Reish children hospital. The researcher proved that immunofluorscence 

technique qualifies as the test of choice followed by the modified acid-fast stain for 

the diagnosis of cryptosporidiosis [12]. Stool samples from 200 children with 

diarrhea and from 50 healthy children were examined by modified acid-fast stain, 

Giemsa stain and direct and indirect immunofluorescence antibody methods, in 

order to determine cryptosporidiosis prevalence under the age of 12 and to detect 

the most efficient identifying method for use in Turkey. Cryptosporidium oocysts 

were detected in seven (3.5%) of the cases. This result showed that 

Cryptosporidium could also be a causative agent of diarrhea in children [4]. In 

study to estimate the frequency of Cryptosporidium infections in Switzerland, stool 

samples from patients found to be positive for Cryptosporidium by modified ziehl 

neelson staining and fluorescence microscopy were used for genotyping 

experiments. With nine of 12 samples DNA extraction and subsequent genotyping 
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was successful. All Cryptosporidium isolates belong the bovine genotype [46]. 

Stool samples collected in Iran include 104 children and adult patients with 

gastroenteritis referred to the children hospital center and Pasteur institute of Iran. 

Control samples from healthy individuals (36 children and adult) were also 

collected. Stool samples were primarily examined by the direct method, then fixed 

and tested by three assays including acid-fast staining, auramine phenol 

fluorescence and direct fluorescence using monoclonal antibody. The study 

revealed that Cryptosporidium infected 2.9% of the patients and other parasites 

observed in different percentages [97]. In Canada the researcher found that, 

Cryptosporidium spp. infection occurred at an overall rate of 6.0 per 100.000 

population per year although a large out break of Cryptosporidium spp. infections 

occurred in the second half of the summer of 2001. During August and September 

of 2001, the incidence of cryptosporidiosis was 55.1 per 100.000 per year. Stool 

samples were primarily examined by immunoassay [74]. Colonias along the border 

a clinic in an urban border community, and clinics. In large urban nonborder area. 

Serum IgG and IgA anticryptosporidial antibodies were measured by enzyme-

linked immunosorbent assay (ELISA). Overall, 70.2% (196/279) of subjects had 

detectable C. parvum antibodies. Prevalence rates were higher (93/105 [89%]) in 

the colonias and urban border community (53/65 [82%]) compared to the urban 

nonborder community (50/109 [46%]). Within colonias, independent risk factors for 

C. parvum infection included consumption of municipal water instead of bottled 

water, older age, and lower household income. Children living along the Texas-

Mexico border have a higher rate of infection with C. parvum compared to children 

living in a large nonborder urban area. Within colonias, C. parvum infection was 

associated with source of water supply, age, and socioeconomic status [75]. 

Cryptosporidium parvum in diarrheic children who were hospitalized in Goiânia, 

capital of Goiϝs State in Brazil. A crude prevalence of 14.4% (64 of 445) was 

observed using a direct immunfluorescent assay (DFA), but the true prevalence 

was 18.7% (83 of 445) when a gold standard of immunomagnetic separation was 

used in combination with the DFA. Infection was more predominant in children less 

than 24 months old and males were 2.2 times more at risk for infection when 

compared with females [106]. Stool samples taken from 50 children with 

malignancy and from 92 healthy children were investigated for intestinal parasites, 

using the modified formol ethyl acetate concentration method, and native-lugol, 

trichrome and Kinyoun acid-fast stain methods. Thirty-eight (76.0%) of the 50 

patients had lymphoma or leukemia and were considered immunosuppressed. 

Several different parasites were found in 21 (42.0%) of the 50 patients with 
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malignancy and in 16 (47.3%) of the 38 patients with immune deficiency compared 

to in only 16 (17.3%) of the 92 healthy children [3]. Prevalence and consequences 

of cryptosporidiosis in children with and without diarrhea at Mulago Hospital in 

Kampala, Uganda were studied. Overall, 444 (25.0%) of the 1,779 children with 

diarrhea had C. parvum compared with only 57 (8.5%) of the 667 children without 

diarrhea. The age distribution of children with cryptosporidiosis followed the same 

age distribution of children with diarrhea in this population (3-36 months). The 

PCR-RFLP analysis showed that of the 444 children with C. parvum, 326 (73.7%) 

were infected with genotype 1 (human), 85 (19.2%) with genotype 2 (zoonotic), 

and 19 (4.2%) with a mixture of genotypes 1 and 2. Fourteen (3%) isolates could 

not be classified as either genotype. Five (isolates were classified as C. 

meleagridis. Cryptosporidium oocysts were detected by modified acid fast staining 

of fecal smears and analysis by polymerase chain reaction restriction fragment 

length polymorphism (PCR-RFLP) [139].  
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2.1.5 Pathogenesis 

In general, diarrhea develops when intestinal absorption is impaired or secretion is 

enhanced. Both of these processes are regulated by the intestinal epithelial cells, 

which are infected by Cryptosporidium [27]. Upon oocyst excystation, four 

sporozoites are released which adhere their apical ends to the surface of the 

intestinal mucosa. Sporozoite-specific lectin adherence factor has been identified 

as the agent of attachment to the intestinal surface [71]. After sporozoite 

attachment, it has been hypothesized that the epithelial mucosa cells release 

cytokines that activate resident phagocytes [55]. These activated cells release 

soluble factors that increase intestinal secretion of water and chloride and inhibit 

absorption. These soluble factors include histamine, serotonin, adenosine, 

prostaglandins, leukotrienes, and platelet-activating factor, and they act on various 

substrates, including enteric nerves and on the epithelial cells themselves [55]. 

Consequently, one of two models damages epithelial cells: 

1. Cell death is a direct result of parasite invasion, multiplication, and extrusion. 

2. Cell damage could occur through T cell-mediated inflammation,                                                      

producing villus atrophy either model produces distortion of villus architecture and 

is accompanied by nutrient malabsorption and diarrhea. Experimental evidence 

supporting this pathogenic hypothesis exists in a pig model system, where 

decreased intestinal sodium absorption has been correlated with "both decreased 

villus surface area and inhibition by prostaglandin E2 produced by inflammatory 

cells" [55]. Infection causes accelerated loss of absorptive intestinal epithelial cells 

and mucosal inflammation that result in nutrient malabsorption, fluid secretion, and 

debilitating diarrhea [56]. Malabsorption and abnormal intestinal permeability 

(decreased vitamin B12 absorption, decreased D-xylose absorption, abnormal 

lactulose/mannitol permeability test) have been confirmed in people with AIDS and 

cryptosporidiosis [130]. This point deserves emphasis, because diagnostic 

evaluations, such as endoscopy, may miss the site of infection. In patients with 

AIDS, other sites within the gastrointestinal tract may be involved, including the 

stomach, duodenum, and colon, as well as the biliary tract. The histopathological 

features of cryptosporidiosis include a minimal inflammatory infiltrate and blunting 

of the villus. More pronounced inflammatory changes, such as disruption of the 

epithelial cell barrier and more extensive infiltration of the lamina propria with 

inflammatory cells, are seen in immunodeficient patients [76]. The mechanism by 

which Cryptosporidium infection causes diarrhea remains elusive. The diarrhea is 
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typically noninflammatory and is often profuse. The parasite does elicit a local 

inflammatory response, and increased production of prostaglandins and several 

cytokines. These inflammatory mediators may consequently alter solute 

transportation in the intestinal epithelial cell, leading to osmotic diarrhea. 

Cryptosporidium infection has also been shown to inhibit apoptosis in infected 

epithelial cells as well as promote it in adjacent epithelial cells in vitro. This could 

theoretically prolong parasite survival and impair absorption in the intestinal 

mucosa. The presence of an enterotoxin has also been hypothesized but never 

conclusively demonstrated. Whatever the mechanisms by which Cryptosporidium 

infection causes disease may be, attachment to and invasion of host cells are 

crucial primary events in pathogenesis. However, little is known about specific 

parasite and host molecules involved in these processes [76].  
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2.2 Epidemiology 

Cryptosporidium has emerged as the most frequently recognized cause of 

recreational water�associated outbreaks of gastroenteritis, particularly in treated 

(disinfected) venues. The infectious dose is low, and ingestion of as few as 10-30 

oocysts can cause infection in healthy persons. Cryptosporidium does not multiply 

outside of the host. The oocyst stage can resist disinfections, including 

chlorination, and can survive for a prolonged period in the environment, thus 

facilitating waterborne transmission. Because the oocysts are infectious when 

shed, the parasites are readily transmitted person-to-person. Some genotypes 

have animal reservoirs, and, thus, animal contact can be associated with 

transmission. Host immune response limits the duration and severity of infection 

[64].  

 

2.2.1 Cryptosporidiosis in United States 

Cryptosporidiosis is widespread geographically in the United States. National 

cryptosporidiosis surveillance data are used to assess the epidemiologic 

characteristics and disease burden of cryptosporidiosis in the United States. In the 

U.S. an estimated 60,000 to 301,600 cases of cryptosporidiosis occur per year. In 

2002, incidence varied by geographic location from less than one to almost 10 

cases per 100,000 persons per year [62]. During 2003-2005, the total number of 

reported cases of cryptosporidiosis increased from 3,505 for 2003 to 3,911 for 

2004 and to 8,269 for 2005. All reporting areas submitted reports, with more 

reports from northern states. Increase in cases reported for 2005 was attributable 

primarily to the occurrence of a single large recreational water-associated outbreak 

[152]. 
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2.2.2 Cryptosporidiosis in Europe 

Cryptosporidiosis is a notifiable disease at the European Union level, and 

surveillance data are collected through the European Basic Surveillance Network. 

The disease distribution in Europe for 2005 included 7,960 cryptosporidiosis cases 

reported among 16 countries. The crude incidence rate was 1.9 cases per 100,000 

populations, although considerable differences in the rates of cryptosporidiosis 

between countries were observed. A pronounced seasonal peak was observed in 

the autumn season, with 59% of cases reported between August and 

November. However, Ireland and Spain experienced a peak in spring and summer, 

respectively. Routine cryptosporidiosis surveillance in Northwest England over 17 

years revealed that the cases predominantly occurred in spring and autumn [125]. 

2.2.3 Cryptosporidiosis in Southeastern mediterranean 

Cryptosporidiosis is endemic in developing and neighboring countries, such as in 

Fayoum 15%) [38] and among young children of the Nile River Delta in Egypt 

(17%) [1]; in Israel (3.4-7.4%) [92]; and among children in Jordan (37.3%) [87]. 

 

2.2.4 Cryptosporidiosis in Other countries 

2.2.4.1 Saudi Arabia 

In Saudi Arabia, diarrhoeal disease (DD) is an important cause of morbidity in 

children but the contribution made to it by coccidian parasites is unknown and 

have revealed the highest prevalence of Cryptosporidium infection among children 

with diarrhea who were presenting to paediatric out patient clinics was (32%). This 

indicates that there is particularly high level of exposure to Cryptosporidium in this 

setting [5] 
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2.3 Prevention 

Patients with underlying immune system weaknesses are at risk for the more severe 

complications of Cryptosporidium infection. In the absence of effective, specific therapy 

against infection with this parasite, preventative measures are of great importance 

among this patient population. Such measures include extensive hand washing, avoiding 

direct contact with stool from animals or humans, avoiding the accidental ingestion of 

water used in recreational activities, and taking measures to ensure the safety of the 

drinking water. It should be noted that the quality of the local drinking water is regionally 

and seasonally variable. Local public health and municipal water authorities can provide 

specific information about the safety of the water supply. Cryptosporidium species can 

be removed from drinking water by either boiling for 1 min or by filtering the water 

through a filter with a pore size of less than one µm. These recommendations are well 

summarized on the Centers for Disease Control [76]. The multiple barrier concepts for 

prevention of waterborne disease in drinking water include protection of source water 

from contamination. Protected watersheds generally have lower oocyst levels than sites 

receiving agricultural, sewage. Limiting these activities in a watershed might help reduce 

the burden on the water treatment process, but storm events that wash fecal material 

into receiving streams, animal migration, or epizootic infections may create peaks in the 

oocyst densities [120].  

2.3.1 Efficacy of Common Laboratory Disinfectants on the Infectivity of 

Cryptosporidium 

The oocysts are also unaffected by commonly used laboratory disinfectants such as 6% 

sodium hypochlorite, 70% ethanol, and a variety of commercial preparations used 

domestically or in animal husbandry [145]. Although exposure to 10% Formol, aqueous 

or gaseous ammonia, or hydrogen peroxide has been reported to greatly reduce or 

eliminate oocyst infectivity [9]. Low concentrations of ammonia (0.007 M) significantly 

decrease the viability of oocysts after 24 h of exposure, as determined with in vitro 

assays [68]. Also a 4 min. exposure to 6% hydrogen peroxide or a 13 min. exposure to 

ammonium hydroxide reduces infectivity of C. parvum oocysts in cell culture 1,000-fold 

[145]. 
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2.4 Transmission 
 
The best-documented routes of transmission are waterborne, foodborne, and 

person-to-person spread. The majority of the documented outbreaks of waterborne 

infection in the world have been attributed to contaminated drinking water supplies, 

although contaminated water used for recreational activities has also been 

implicated. The first reported waterborne outbreak of cryptosporidiosis occurred in 

1984 and was attributed to fecal contamination of a public artesian well in Texas. 

In the spring of 1993, the largest outbreak of waterborne disease of any kind 

recorded occurred in Milwaukee. More than 400,000 of 1,600,000 people in the 

greater Milwaukee area developed cryptosporidiosis after consuming 

contaminated drinking water. The onset of illness correlated with an increase in the 

turbidity of the treated water from Lake Michigan. Despite use of water purification 

methods that were standard at the time [84]. Although the source of contamination 

remains uncertain, recent genotypic analysis of four of the isolates indicates 

consistency with a human origin [105]. Unfortunately, despite the public attention 

garnered by this massive outbreak, there have been many subsequent outbreaks 

of Cryptosporidium infection attributed to contaminated drinking water in the United 

States and the United Kingdom. This is in part due to increased surveillance, but it 

also reflects our inability to rid the public water supplies of this troublesome 

parasite. Concern about the safety of the public water supply has prompted 

government authorities to issue standards for the detection of Cryptosporidium 

species. These guidelines have been updated as recently as 2001, and our ability 

to detect Cryptosporidium species in the public water supply has unquestionably 

improved [110]. The current strategy for elimination of Cryptosporidium species 

from the public water supply involves preventing contamination of water sources, 

physical removal of the organisms, and chemical or physical disinfection. However, 

these methods are only capable of reducing the number of oocysts, not eliminating 

the parasite from the water supply. Therefore, it is imperative that patients at risk 

for Cryptosporidium infection contact their local public water authorities for advice 

about the safety of their water supply. More sophisticated approaches, such as 

filtration, ultraviolet light irradiation, and ozone treatment, have not been widely 

applied for various reasons, including financial and health-related concerns [120]. 

Although waterborne routes of transmission have been the most notable, 

foodborne and person-to-person spread have also been documented. 

Cryptosporidiosis has been attributed to ingestion of contaminated apple cider, 

chicken salad, milk, and food prepared by an ill food handler. Cryptosporidium 
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species have also been detected in seawater and have even been found in 

commercially harvested oysters. Another potential source of infection may be raw 

vegetables sold in the marketplaces in developing countries.  Finally, it should be 

mentioned that, although cattle are thought to be the most common animal 

reservoir of Cryptosporidium species, other species of animals, including reptiles, 

birds, and insects, have been shown to harbor the parasite [42].  It is not clear 

what role these other animal hosts have in the transmission of Cryptosporidium 

species. 

 
2.5 Immunity 
 
Exposure to Cryptosporidium does not necessarily lead to clinical disease. There 

is some indication that prior exposure results in protective immunity from 

cryptosporidiosis, though the duration of this immunity is unknown [48]. 
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2.6 Diagnosis of Cryptosporidium 
 
Routine ova and parasite examination of feces is not sufficient for the detection of 

Cryptosporidium oocysts. The organism is the size of yeast, 4 to 6 µm, and is easily 

mistaken for yeast on routine stool examination [148]. Therefore Garcia et al. highly 

recommended the modified Ziehl-Neelsen carbol fuchsin stain technique for the 

identification oocysts in feces [49]. 

 

2.6.1 Differential staining methods: 
 
Oocysts are excreted in the faeces of human and animal hosts, and they can be 

preserved in 10% formalin or SAF (sodium acetate-acetic acid-formalin). Preserved 

stools can be concentrated to increase the yield of oocysts by sedimentation using the 

formol-ether or formol-ethyl acetate techniques. Current laboratory methods for the 

diagnosis of cryptosporidial infections generally rely on microscopic examination of fecal 

samples for the presence of Cryptosporidium oocysts. These oocysts are similar in size 

and shape to other fecal components (especially some yeasts), and therefore staining 

techniques that differentiate between the two are very desirable to avoid confusion 

[104].�Differential staining methods including safranin methylene blue stain, Kinyoun, 

Ziehl-Neelsen and carbol fuchsin stain oocysts red and counter stained the background.  

Baxby et al. (1984), which stains oocysts red, yeasts, and other fecal debris blue, have 

described a safranin methylene blue stain. Acid-fast stains such as Kinyoun [83], Ziehl-

Neelsen [61], and Dimethyl Sulfoxide (DMSO) carbol fuchsin [108] stain oocysts red 

with the background counter stained and are commonly used in many laboratories 

including a negative malachite green stain, which we have found to be fast and reliable 

and should improve the microscopic diagnoses of cryptosporidial infections in clinical 

laboratories. The Ziehl-Neelsen staining method, first used to detect Cryptosporidium 

oocysts in feces in 1981 [61]. It is probably the most widely used method because of its 

simplicity and low cost [39]. Differential staining techniques, however, are time 

consuming and vary in sensitivity and specificity [94]. Fluorochrome stains, although 

sensitive, are complex and oocyst like the one structure in fecal debris often takes up the 

stain. 
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 Negative staining techniques using nigrosin [108], light green, merbromide [24], which 

stain background yeasts and bacteria but not oocysts. Negative staining methods are 

faster but are considered by some to be less sensitive than conventional staining 

techniques [20]. Effective diagnosis of cryptosporidial infections requires diagnostic tools 

to be fast, cost effective, accurate, and sensitive. Counterstaining methods using carbol 

fuchsin and safranin are time consuming, frequently stain for yeasts, and lack sensitivity 

[94]. Microscopy provides the advantage of direct visual confirmation of the presence of 

Cryptosporidium oocysts. The malachite green method is practical, safe, and sensitive 

method of detecting Cryptosporidium oocysts in stool samples and was significantly 

more sensitive than the other three staining methods tested. With the malachite green 

stain, yeasts were clearly differentiated from oocysts as they took up the stain. Because 

of the ease with which oocysts can be differentiated from yeasts, less experienced 

microscopists can still accurately diagnose cryptosporidial infections. Because pathology 

laboratories can vary widely in their expertise in diagnosing Cryptosporidium and 

because variable laboratory expertise can result in a large variation in results [25]. The 

malachite green staining procedure described here should greatly improve microscopic 

diagnoses and the detection of cryptosporidial infections. Therefore, by acid-fast stain 

the oocyst wall will usually stain pink to purple, the background will stain blue or green, 

depending on the counter stain used. Many of these stains require an experienced 

microscopist, however, and are labor-intensive [42]. The "gold standard" and perhaps 

most widely used test for the detection of Cryptosporidium oocysts in stool remains the 

modified acid fast or Kinyoun stain. The test should be specifically requested, because it 

will not be performed as part of a routine examination for ova and parasites. 

Interpretation of the stained smear requires experience, because other organisms in the 

stool may stain acid fast [76]. Conventionally, diagnosis is made by concentration of 

stools followed by acid-fast staining (AF) or immunofluorescent staining. The threshold 

of detection in human stool specimens by these methods may require the presence of 

50,000 (immunofluorescent staining) to 500,000 (AF) oocysts per g of stool [13]  
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2.6.2 Auramine phenol staining method 

 The fixed smear was stained with auramine O (15 min), rinsed tapwater, destained with 

3% acid alcohol, restained for background color with .5% potassium permanganate 

(3min), rinsed with tapwater, dried at room temperature, and observed under 

fluorescence microscope (all materials from sigma) [33]. 
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2.6.3 Indirect immunofluorescent assays: 
 
Immunologic techniques for the detection of cryptosporidial in stool samples were 

introduced in 1985 and 1986. Indirect immunofluorescent assays were described for the 

detection of oocysts employing recovered human serum and oocyst immunized rabbit 

antiserum. In immunofluorescent assays, employing oocyst-reactive monoclonal 

antibodies were also introduced. The immunofluorescent methodologies showed 

significantly increased sensitivities and specificities compared to conventional staining 

techniques and have found widespread application in research and clinical laboratories, 

as well as for monitoring oocyst presence in environmental samples. The assays 

generally work well with fresh or preserved stools (formalin, potassium dichromate), but 

some fixatives can cause problems (e.g. MIF) (Merthiolate Iodine Formaldehyde). 

Immunofluorescence assays demonstrating cryptosporidial life-cycle stages (e.g. 

oocysts) in infected tissues or biopsy specimens have been reported and can be 

performed using reagents available in commercial diagnostic kits. These immuno 

histological assays are primarily of research value, given the broad availability of stool-

based diagnostic assays and the ready identification of Cryptosporidium in tissue 

sections (cryptosporidia are uniquely found on the lumenal surface of epithelial cells and 

are apparent in samples stained with hematoxylin and eosin or other routine histology 

stains [11]. (Several immunofluorescent assays and enzyme immunoassay (EIA) kits 

have become commercially available and show promising sensitivity and specificity. 

These tests use antibodies against Cryptosporidium antigens to detect the parasite in 

stool specimens. One of these kits, the ColorPAC Cryptosporidium/Giardia rapid assay 

(Becton-Dickinson), was recently recalled because of a cluster of false-positive results 

[76]. 
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2.6.4 Direct fluorescent antibody                                                                            

Direct Fluorescent antibody (DFA). The most widely used antigen detection 

immunoassays for Giardia and Cryptosporidium are the direct fluorescent-antibody 

(DFA) tests, which detect intact organisms, and enzyme immunoassays (EIAs), which 

detect soluble stool antigen. DFA tests utilize fluorescein-labeled antibodies directed 

against cell wall antigens of Giardia cysts and Cryptosporidium oocysts and allow 

visualization of the intact parasites, providing a definitive diagnosis. The sensitivity and 

specificity of the most commonly used commercial DFA test, the Merifluor DFA test, 

have been reported to be 96 to 100% and 99.8 to 100%, respectively, for both Giardia 

and Cryptosporidium. This test has a greater sensitivity than traditional examination of 

permanent smears for Giardia and sensitivity equal to or greater than that of traditional 

examination of permanent smears prepared from concentrated stool specimens for 

Cryptosporidium [69]. 

 

2.6.5 Oocyst concentration                                                                               

 

The flotation-concentration method by Sheather was found to provide the best results of 

all selected methods. The merthiolate iodine formaldehyde concentration (MIFC) method 

was the least specific one. The least suitable method concerning sensitivity and costs 

was the flotation method with caesium chloride (CsCl) with a specificity of 29%. Only 

sheather's method detected all samples as positive [73]. 
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2.6.6 Antigen-capture ELISA 

The diagnosis of the small (4- to 6-microns) Cryptosporidium oocysts is labor intensive 

and relies on stool concentration, with subsequent staining and microscopy. The primary 

purpose of this study was to evaluate the clinical utility of an antigen capture enzyme-

linked immunosorbent assay (ELISA) in detecting Cryptosporidium oocysts in human 

stools. A total of 591 samples (76 diarrheal, 515 control) obtained from 213 inhabitants 

of an urban slum in northeastern Brazil were examined by both ELISA and conventional 

microscopic examination (CME) of formalin-ethyl acetate- concentrated stool samples 

stained with modified acid-fast and auramine stains. Forty-eight diarrheal stools (63.2%) 

were positive for Cryptosporidium oocysts by CME, with 40 of these positive by ELISA. 

Thirty-five control stools (6.8%) had Cryptosporidium oocysts detected by CME, with 15 

of these also positive by ELISA. All of the 480-nondiarrheal stools and all but one of the 

diarrheal stools negative by CME were negative by ELISA. The test had an overall 

sensitivity of 66.3% and a specificity of 99.8% (positive predictive value, 98.2%; negative 

predictive value, 94.8%). In the evaluation of human diarrheal stool samples, the test 

sensitivity increased to 83.3%, with specificity of 96.4%, and, in analysis of samples from 

individual patients with diarrhea, the sensitivity was 87.9%, with a specificity of 100%. 

These results indicate that this stool ELISA is sensitive and specific for the detection of 

Cryptosporidium oocysts in human diarrheal stool specimens but has limited use in 

epidemiologic studies for the diagnosis of asymptomatic Cryptosporidium infection [101]. 
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2.6.7 PCR 

PCR-based detection of microbes in clinical samples is attractive due to its extreme 

sensitivity and specificity. Additionally, the genetic information obtained from the sample 

may permit nonhuman pathogens to be distinguished from human pathogens. Methods 

for PCR-based detection of Cryptosporidium in clinical samples and drinking water have 

recently been reviewed [47]. Some investigators have found high sensitivity for PCR-

based assays (one oocyst) and suggest that these assays are more sensitive than 

microscopic analysis of acid-fast smears [95]. Several factors complicate the PCR-based 

detection of C. parvum in stool. Standard fixation in 10% buffered formalin may reduce 

the sensitivity of the PCR, particularly if fixation occurs over an extended period. In 

addition, extended formalin fixation may alter the buoyancy of C. parvum oocysts, 

interfering with standard methods for purification of C. parvum oocysts from stool. PCR 

detection of oocysts from frozen stool is also possible, but the sensitivity may be 

reduced, probably due to rupture of oocysts during thawing. One method for oocyst 

purification from stool commonly used in the research laboratory involves density 

gradient centrifugation of stool [141]. While this method provides purified oocysts, ideal 

for PCR analysis, it is more suitable for a research laboratory than a clinical laboratory 

and may not be useful for samples containing few oocysts. Numerous substances can 

inhibit the PCR, including some stool components. Several investigators have developed 

nucleic acid extraction methods for stool to remove these inhibitors [154]. 
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 2.7 Treatment 

There have been a large number of studies aimed at developing a satisfactory therapy 

for cryptosporidiosis, particularly in patients with AIDS. Although several agents have 

been found to have some No safe and effective therapy for cryptosporidial enteritis has 

been successfully developed. Since cryptosporidiosis is a self-limiting illness in 

immunocompetent individuals, general, supportive care is the only treatment for the 

illness. Oral or intravenous rehydration and replacement of electrolytes may be 

necessary for particularly voluminous, watery diarrhea. Oral rehydration treatment can 

include Gatorade, bouillon, or oral rehydration solution, containing glucose, sodium 

bicarbonate, and potassium [44]. Although several agents have been found to have 

some activity (most notably macrolides such as spiramycin and clarithromycin, the 

aminoglycoside paromomycin, and ionophores such as Lasalocid and maduramycin), 

results have been mixed [58]. In part because of the failure of other therapeutic 

approaches, there have been several attempts at passive antibody-based 

immunotherapy for cryptosporidial infections [30]. These have also had limited success. 

One therapeutic intervention that has a dramatic effect on cryptosporidiosis in AIDS 

patients is antiretroviral therapy leading to recovery of the CD4 count. In one study of 

two patients with cryptosporidiosis, both were free from the parasite within 24 weeks 

after starting antiretroviral therapy [45]. This finding was confirmed in another, larger 

study, where all patients taken antiretroviral agents showed clinical recovery [85]. Two 

patients subsequently relapsed after the therapy, was stopped. The authors noted that 

resolution of the diarrhea seemed to be related to an increased CD4+ cell count rather 

than to the viral load. Furthermore, at least one clinic has noted a decrease in problems 

related to cryptosporidiosis in their AIDS patients since the onset of the widespread use 

of protease inhibitors [78].  
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2.7.1 Thrombospondin-related adhesive protein of Cryptosporidium 

 Researchers have discovered the presence of Cryptosporidium proteins that may be 

involved in the adhesion of the protozoan to the intestine. These proteins are called 

Thrombospondin Related Adhesive Proteins 1 and 2(TRAP-C1 and TRAP-C2). Receptor 

Binding Motifs (RBM's) located on these proteins may play a role in Cryptosporidium 

intestinal adhesion. If these binding motifs can somehow be disrupted or blocked with 

monoclonal antibodies, then adhesion and the subsequent infection can be inhibited 

[60]. Colostrum derived bovine immunoglobulin concentrate has been shown to be 

effective concerning the treatment of diarrhea associated with cryptosporidiosis. 

Although helping to lessen the severity of the diarrhea, it does not have a role in the 

eradication of the protozoan [57]. Although progress has been made, control of 

cryptosporidiosis remains problematic due to the absence of approved vaccines or 

immunotherapies and lack of consistently effective parasite-specific pharmaceuticals 

[17]. Because apical complex and surface molecules of the apicomplexa are involved in 

attachment, invasion, and intracellular development, these molecules may provide 

targets for immunological or pharmacological therapy against cryptosporidiosis [19]. To 

this end, we recently reported the production and characterization of a panel of mouse 

monoclonal antibodies (MAbs) against multiple epitopes of immunoaffinity-purified apical 

complex and surface antigens of C. parvum sporozoites [114]. One of the MAbs, 

designated E2, was central in these studies because of its ability to elicit distinctive 

morphologic changes in both sporozoites and merozoites, neutralize their infectivity in 

vitro, and control infection in vivo [114]. 
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CHAPTER THREE 
Materials and Methods 

 
3.1 Methodology    

 3.1.1 Ethical considerations and Permissions 

Helsinki committee approval and permission from Ministry Of Health                                                                                          

(MOH) were obtained.  Each child sponsor was given informed consent to get 

approval for his / her child participation in the study, and the objectives of the study 

were explained to the child sponsor. 

3.1.2 Data collection 

3.1.2.1 The study design and population 

This is descriptive study a bout cryptosporidiosis in Gaza strip, Palestine 

The population included in the present study was patients attending the following 

locations: 

1- AL-Nasser Hospital. 

2- European Hospital. 

3.1.2.2 Period of the study 

The present study has started from June to August, 2007, and January to March, 2008 

where single stool sample from each of 200 children attending AL-Nasser and 100 from 

European hospitals were examined by Ziehl neelsen (ZN) stain and ELISA for the 

presence of Cryptosporidium oocysts. 

3.1.2.3 Description of study area 

Al Nasser Hospital has four divisions in addition to the blood disease department 

(leukemia, hemophilia and thalassemia), intensive care unit, immature infants 

department, reception pharmacy laboratory, and X-ray department. The total number of 

inpatient beds is 151, with 33 beds for daily care (reception and emergency). The 

reception department receives 3,500� 4,000 patients monthly. The general department 

receives 950-1,000 patients monthly, and inpatients normally stay for three days and are 

then discharged. 

European Gaza Hospital is situated in the southern Gaza Governorate of Khanyounis. 

EGH is considered as one of the biggest investments in the area with total cost around 

$60 Million. The International management team took the responsibility to commission 

the Hospital. On 15 October 2000, the Management Authority transferred to 

local Palestinian staff. In addition to providing excellent care for patients, professional 

and technical positions. There are continuing education programs and specific training 

programs.  The European Gaza Hospital has four divisions' medical 

department services, which include accident, and emergency, special surgery, internal 
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medicine, anesthesia, intensive care unit and operations and paramedical departments' 

services include laboratory, radiology and occupational health.  

3.1.2.4 Sample size  

The sample size of the present study was estimated to be 300 samples based on 

the calculation of the general prevalence of Cryptosporidium in the Gaza strip and 

using sample size calculator. 

3.1.2.5 Types of samples distribution 

- Two hundred-diarrhea stool samples from children attending AL-Nasser Hospital. 

- one hundred-diarrhea stool samples from children patients attending European 

Hospital. 

3.1.2.6 Criteria 

Children complaining from diarrhea, their age were less than 5 years. 

3.1.2.7 Preservation  

A portion of stool samples were fixed and preserved in SAF (Sodium acetate 

acetic acid formaldehyde) in the same day of collection. 

3.1.2.8 Sample collection 

All patient sampling was applied and one stool sample was obtained in a dry, fresh stool, a 

clean, sterile, and well sealed plastic container with a top cover,   including a self-spoon to 

collect the sample, leak proof plastic container. In addition, each container was labeled 

and the given is matched with names recorded.  

3.1.3 Parasitological methods 

3.1.3.1 Direct smear microscopy 

Direct microscopic examination of stool for intestinal parasites stages was 

performed using saline. 

A drop of saline was placed on a clean slide, stool was mixed with saline, and 

cover slip placed then the slide was examined under the microscope x10, x40 and 

x100. 

 .  

 

 

 

 

 

 

 

 

 



��

 

 

3.1.3.2 Concentration technique 

The present study employed just one method of concentration, formal ether 

sedimentation technique to detect parasites and ova. 

Formal ether concentration technique  

This technique is recommended as the best overall techniques for the 

concentration of parasites in feces [149]. 

Procedure 

1. Emulsify 1gm of feces in about 10 ml of 10%v/v formal water contained in a cap. 

2. By using glass beads, were mixed well by shaking for about 20 seconds. 

3. Sieves the emulsified faeces collecting the sieved suspension in beaker. 

4. Transfer the suspension in a test tube and was added about 3ml of ether. 

5. Stopper the tube and was mixed well for 1 minute. 

6. Centrifuge immediately at approx 3,000rpm for 15 minutes. 

7. After centrifugation was used a stick to remove the faecal debris from the side of 

the tube and decants the supernatant layer. 

8. The sediment will remain.  

9. Washed for three times. 

10. Examined microscopically using 10x and 40x to identify the parasite. 

3.1.3.3 Modified Acid-Fast Staining technique (Z-N technique)  

Stool sample was used from SAF vials. 

1. Sediment from concentration method was mixed, and then smear 10 µL on 

slide within etched circle by use transfer loop (10 µL). 

2. Air-dry for at least 1 hour. 

3. Fixed in Methanol for 3 to 5 minutes. 

4. Stained with carbon fuchsin for 20 minutes. 

5. Rinsed with tap-water for 4 minutes. 

6. Decolorized with acid alcohol (HCl with 95% alcohol). 

7. Rinsed with tap-water for 2 minutes. 

8. Counter stain with 3% methylene blue for 30 seconds or malachite green 

9. Rinsed with tap water for 2 minutes. 

10. Air dry. 

11. Examined by standard light microscopy. 

12. By Z-N method, Cryptosporidium sp. Oocyst stain red against a blue-green 

background. Cryptosporidium is round and approximately four µm in diameter. 
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3.1.3.4 Enzyme Linked Immunosorbent Assay (ELISA) technique: Stool 

samples were extracted and processed according to manufacturer¶s 

recommendations (International Immuno-Diagnostics, 2003). Absorbance was 

read at "wavelength 450nm" using StatFax ELISA reader.    

 1. Break off the required number of wells needed (number of samples plus2 for 

controls) and place in holder. 

2. Added two drops (approximately 100µl) of negative control to well #1 and 2 

drops of positive control to well # 2. 

3. Added two drop of the stool supernatant to each test well. 

4. Incubated for 30 minutes at room temperature, then wash. 

5. Added two drops of reagent 1 to each well. 

6. Incubated for 5 minutes, then wash. 

7. Added two drops of reagent 2 to each well. 

8. Incubated for 5 minutes, then wash. 

9. Added two drops of chromogen to each well. 

10. Incubate for 5 minutes. 

11. Added two drops of stop solution to each well. Mix wells by gently tapping the 

side of the strip holder with index finger. 

12. Read results visually or at 450/620-650 nm. Zero reader on air. 

  3.1.3.5 Questionnaire 

Father or mother  was interviewed and information obtained were arranged in 

special form that includes name, age, sex, clinical symptoms, diarrhea, duration of 

episode and hygienic status, residence and type of sanitation system of study 

population. 

3.2 Statistical analysis 

Data obtained was entered into computer system and analyzed using SPSS 

(Statistical Package for Social Studies). Simple distribution of study variables, 

frequency tables, cross-tabulation, Chi square test, and graphs were carried out.  
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CHAPTER FOUR 
 

RESULTS 
 

In the present study 300 stool samples were collected from children attending Al-

Nasser paediatrics hospital 200 (66.7%) and European hospital 100 (33.3%). Each 

child submitted one stool sample. Their ages ranged from one month old to 60 month 

old and distributed as159 males (53%) and 141 female (47%).  It was found that 54 

of those children were infected with Cryptosporidium with a prevalence of (18%)  by 

modified acid-fast stain and the total number of Cryptosporidium positive samples 

was 50 with a prevalence of (16.7%) by stool ELISA  in all studied areas (cities, 

villages, camps). 
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Table 4.1: Different demographic characters n = (300) 
 

Variable Number % 
Residency 

City 
    Camp 

     Village 
 

 
150 
94 
56 
 

 
50 

31.3 
18.7 

 

           Month 
Jun 
July 
Aug 
Jan 
Feb 

    March 
 

 
49 
50 
51 
50 
50 
50 
 

 
16.3 
16.7 
17 

16.7 
16.7 
16.7 

 
           Sex 

   Male 
       Female 

    

 
159 
141 

 

 
53 
47 
 

          Hospital 
           Al-Nasser 
          European 

                 
 

 
200 
100 

 

 
66.7 
33.3 

 

 

- Participants in present study were children from city (50%) while in camp and village 

were (31.3%), (18.7%) respectively. Participants were distributed as (53%) males and 

(47%) females. 

- Al-Nasser paediatrics hospital 200 (66.7%) and European hospital 100 (33.3%) as 

shown in table 4.1. 
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Table 4.2: Complaints of children from symptoms   n = (300) 
 
Symptoms Number % 
With dehydration 
Without dehydration 

185 
115 

61.7 
38.3 

With abdominal pain 
Without abdominal pain 

153 
147 

51 
49 

With fever  
Without fever 

179 
121 

59.7 
40.3 

With nausea 
Without nausea 

130 
170 

43.3 
56.7 

With vomiting 
Without vomiting 

56 
244 

18.7 
81.3 

 
The most common symptoms reported by children mothers;  dehydration 61.7%, fever 

59.7%, abdominal pain 51% and nausea 43.3% as shown in table 4.2. 
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Table 4.3: Environmental health characters 
 
The parameter Number � 
 
Sewage system 
     Closed sewers 
     Open sewers 
     Septic tank                       

 
 

200 
65 
35 

 
 

66.7 
21.7 
11.7 

 
Garbage  
     Garbage around home 
     Without garbage around home 

 
 

136 
164 

 
 

45.3 
54.7 

 
Agriculture areas 65 

 
21.7 

Irrigation 
   Irrigation of land with pool 
   Irrigation of land with rain 

 
50 
15 
 

 
16.7 

5 

Families who have open sewers (21.7%) and presence of garbage around home 

(45.3%) as shown in table 4.3. 

Table 4.4: Some parameters; drinking water type, feeding type, vegetables and 

cheese consumption 

The parameter Number � 
Source of drinking water 
    -Filtered 
    -Tap water 

 
177 
123 

 
59 
41 

Feeding type for child 
    - Exclusive Breast feeding 
    - Artificial 
    - Both 

 
149 
126 
25 

 
49.7 
42 
8.3 

 
Vegetables eating 
 

171 
 

57 

 
Cheese eating 111 

 
37 

 

It was found that high percentage of children families used tap water for drinking                    

(41%), use exclusive breast feeding (49.7%), vegetables eating (57%) and cheese 

eating (37%) as shown in table 4.4.   
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Table 4.5: The detected types of intestinal parasites as reported by father/ mother 
of child through the questionnaire 

 
 

 

 

 

 

 

 

 

 

 

 

 

The prevalence of E. histolytica and Giardia lamblia were similar & close from results 

were (5%) and (5.7%) respectively as shown in table 4.5. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The detected parasites as shown from 
questionnaire 

 
Type of parasite 

Number % 

Entamoeba histolytica 
 
Giardia lamblia 
 
Ascaris lumbricoides 
 
Enterobius vermicularis 
 
Trichuris trichiura 
 
Hymenolypes nana  
  
 

15 
 

17 
 
4 
 
3 
 
1 
 
1 
 
 

5 
 

5.7 
 

1.3 
 
1 
 

.3 
 

.3 
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Table 4.6:  Some demographic parameters; occupation and education level 
  
The parameter Number � 
Father occupation 
    - Employee 121 40.3 
    - Laborer   139 46.3 
    - Unemployed 36 12 
       
Father education 
    - primary 59 19.7 
    - secondary 94 31.3 
    - university 147 49 
Mother occupation 
    - Employee 108 36 
    - House wife  140 46.7 
    - Student 52 17.3 
Mother education 
    - Primary 115 38.3 

- Secondary 
- University 

132 
53 

44 
17.7 

       
 

It was found that percentage children of father employed close and similar with children 

of father labor (40.3%), (46.3%) respectively as shown in table 4.6. 
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It was found that (54) of children were infected with Cryptosporidium a prevalence of 

(18%) as shown in Fig2. (Appendix 4)   
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Fig. 2. Distribution of cryptosporidiosis according to modified acid-fast stain 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



��

 
 
 
 
The prevalence among males was (9.4%) and (27.7%) among females as shown in 
 Fig 3.  (2 = 16.8, df = 1, P = 0.001). (Appendix 5)    
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Fig. 3. Distribution of cryptosporidiosis according to sex 
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Table 4.7:  Distribution of Cryptosporidium according to residency (n=300) 
 

Positive for 
Cryptosporidium 

n=(54) 

Negative for 
Cryptosporidium 

n=(246) Residency 
 
No. 

 
% 

 
No. 

 
% 

 
P-value 

City n=(150) 18 (12) 132 (88) 

Camp n=(94) 
 22 (23.4) 72 (76.6) 

Village n=(56) 
      14 (25) 42 (75) 

0.03 

 (2 = 7.4, df = 2, P =0.03) 

Prevalence of Cryptosporidium among children according to residency as shown in table 

4.7 where the village had the highest prevalence. 

 
 
Table 4.8:  Distribution of Cryptosporidium according to age (n=300) 
 

Positive for 
Cryptosporidium 

n=(54) 

Negative for 
Cryptosporidium 

n=(246) Age 
 

No. 
 

% 
 

No. 
 

% 

 
P-value 

<12 month old           
n=(156) 22 (14.1) 134 (85.9) 

12-24 month old 
n=(127) 31 (24.4) 96 (75.6) 

25-36 month  old 
n=(17) 1 (5.9) 16 (94.1) 

0.03 

 (2 = 6.83, df = 2, P =0.03) 

Children examined in the study ranged in age from less than 12 month to 36 months. 

The most children examined were <12 month of old; 14.1% (22 of 156) had and 24.4% 

(31 of 127) of those 12�24 month of old were infected. This group had the highest of 

infection. Cryptosporidium prevalence of 5.9% (1 of 17) was observed in children 25�36 

month of old. This group had the lowest of infection as shown in table 4.8. 
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A higher rate of Cryptosporidium  was recorded in august (24.4 %) while were similar & 

close from results in January, February, March were (20.8%), (20.4%) and (20%) 

respectively and lower peak was observed in June, July  with infections rates of 9.4% 

and 14 % as shown in Fig 4. (2 = 5.04, df = 5, P=0.411). (Appendix 6)    
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Fig. 4 Distribution of stool sample with Cryptosporidium infection 
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Table 4.9: Distribution of Cryptosporidium with the reported symptoms        
 

Negative for 
Cryptosporidium 

Positive for 
Cryptosporidium 

P 
Value 

No.                 %   No.                        % 

Symptom 

 
.022� 

66                 ( 74.2)  
180                (85.3) 

23                       (25.8) 
31                       (14.7) 

Had dehydration n=(89) 
Had no dehydration n=(211) 

 
0.6 

97                    (83.6) 
149                  (81) 

19                       (16.4) 
35                      ( 19) 

Had fever n=(116) 
Had no fever n=(184) 

 
.001� 

  85                   (65.4) 
  161                (94.7) 

 45                     (34.6) 
9                       (5.3) 

Had nausea n=(130) 
Had no  nausea n=(170) 

 
0.001 

 20                   (35.7) 
  226               (92.6) 

36                      (64.3) 
18                     ( 7.4) 

Had vomiting n=(56) 
Had no vomiting n=(244) 

 
.001� 

  64                 (59.3) 
 
182                ( 94.8) 
                                                                                                 

44                      (40.7) 
 
10                      (5.2) 

Had abdominal pain  
n=(108)   
Had no abdominal pain 
 n= (192) 

P< 0.05 is significant 

P> 0.05 not significant 

It was found that 40.7% of children infected with Cryptosporidium had abdominal pain 

and 34.6% had nausea, 64.3% had vomiting, 25.8% had dehydration. However, 

symptoms of abdominal pain, nausea, vomiting and dehydration were significantly higher 

in children (p<.05). While 16.4% of children infected with Cryptosporidium had fever (p> 

0.05) as shown in table 4.9. 
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The distribution of Cryptosporidium in the case of opened sewage was more than from 

closed sewage and Homes close to of garbage had high prevalence with 

Cryptosporidium infection (19.2%) compared to homes away from garbage (16%) as 

shown in Fig.5. P< 0.05 is significant, P> 0.05 not significant. Appendix (7)   
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Fig. 5 Distribution of cryptosporidiosis cases according to sewage and garbage 
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Table 4.10: Distribution of Cryptosporidium according to drinking water 
 

Without 
Cryptosporidium 

With 
Cryptosporidium 

P 
Value 

 
 
No.                 % 

 
 
No.                 % 

Source of drinking water 
 

 
173              ( 97.7) 
 

 
4                    (2.3) 

 

 
Filtered n=177 
 
 

 
 
 
 
0.001 
 

73                 (59.3) 
 
50                   (40.7) 
 

 
Tap water n=123 

 
(2 =72.5, df =1, P < .05) 

The highest prevalence was in children who drank tap water with infection rate of 40.7% 

and the lowest in those who drank filtered water (2.3%) as shown in table 4.10. 
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The highest prevalence with Cryptosporidium (28%) was in irrigation of lands with pool 

compared with irrigation of lands without pool (16%) as shown in Fig.6. (2 =4.1, df =1, P 

= (0.044). Appendix (8)   
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                       Fig.6. Distribution of Cryptosporidium according to Irrigation of land             
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Prevalence of infection with Cryptosporidium was high in children living households that 

had breeding animals (22.8%) compared to those not breeding animals (15.1%) but no 

statistically significant association was found between animal contact and acquisition of 

Cryptosporidium in these children as shown in Fig.7. (2 =2.9, df =1, P > 0.05). Appendix 

(9)   
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Fig.7. Distribution of Cryptosporidium according to breeding animals 
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Table 4.11: Distribution of Cryptosporidium according to vegetables and cheese 
consumption 
 

Without 
Cryptosporidium 

With 
Cryptosporidium 

P Value 

No.                 % No.                 % 

 
Consumed food 

 
0.4 

143            (83.6) 
103            (79.8) 

 

28            (16.4) 
26             (20.2) 

 

Had vegetables 
Had no vegetables 

 
0.5 

93              (83.8) 
153              (81) 

18              (16.2) 
36                (19) 

Had cheese 
Had no cheese 

 
 

 

Children eating vegetables infected with Cryptosporidium was (16.4%) and eating 

cheese (16.2%) as shown in table 4.11.  

 
Table 4.12: Distribution of Cryptosporidium according to feeding type for the child 
 

Without 
Cryptosporidium 

With 
Cryptosporidium 

P Value 

 
No.                 % 

 
No.                 % 

(feeding type for the child) 
 

 
   114                (82) 

 

 
    25               (18)  

 
Breast feeding n=139 

  109                (82)  
24                 (18) 

 
Artificial n=133 

 
 
 
 

>0.05 

23                (82.1)     5                (17.9) Both n= 28 

 

(2 = 0.001, df =2, P > .05) 

Percentage of children infected with Cryptosporidium based on breast feeding and 

artificial was similar (18%) as shown in table 4.�2. 
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Table 4.13: Distribution of Cryptosporidium according to father occupation and   
education     
 

Without 
Cryptosporidium 

With 
Cryptosporidium 

P Value 

No.                 % No.                 % 

Father occupation 

 
 
 
 
 
 

0.07 

 
 
91               (75.2) 
 
119              (85.6) 
 
32              (88.9) 
 
 

 
 
30              (24.8) 
 
20             (14.4) 
 
4               (11.1) 
 
 

Father occupation 
 
       Employee n=(121) 
 
       Laborer n=(139) 
 
      Un-employment n=(36) 
 
 
 
 
 

 
 
 
 

0.1 
 

 
 
49                  83.1 
 
83                   88.3 
 
114                77.6 

 
 
10                16.9 
 
11                 11.7 
 
33                22.4 
 

Father education 
 
        Primary n=59 
 
       Secondary n=94 
 
       University n=147 
 
 

(2 =7.04, df =3, P = 0.07) Father occupation 

(2 =4.5, df =2, P = 0.1)  Father education 

In children who have employee father high prevalence (24.8%) compared with laborer 

(14.4%) as shown in table 4.13. 
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Table 4.14: Distribution of Cryptosporidium according to mother occupation 
 

Without 
Cryptosporidium 

With 
Cryptosporidium 

P Value 

No.                 % No.                 % 

Variable 

 
 
 
 
   0.001 
 

 

 
 
77             (71.3) 
 
130            (92.9) 
 
39               (75) 

 
 
31               (28.7) 

 
10              (7.1) 

 
13               (25) 

Mother occupation 
 

  Employee n=(108) 
 

   House wife n=(140) 
 

           Student n=(52) 
 

 

 
 
      0.8   
 
 
  

 
 
96               (83.5) 
 
106             (80.3) 
 
44                 (83) 

 
 
19               (16.5)  
 
26               (19.7) 
 
9                   (17) 

Mother education 
 

            Primary n=115 
 

            Secondary n=132 
 

            University n=53 
 

 
(2 =21.3, df =2, P = 0.001) Mother occupation 

 (2 =0.5, df =2, P = 0.8) Mother education 

Children who have employed mother and student mother have high prevalence (28.7%), 

(25%) respectively compared with house wives (7.1%) as shown in table 4.14. 
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Table 4.15: Co- infection related to Cryptosporidium.  
 

Infection of 
Entamoeba 
histolytica 

Infection of  
Cryptosporidium 

Infection of 
 Giardia 
lamblia 

Infection                 
of 
Cryptosporidium 

+ 
+ 

106 
184 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

24 
60 
93 
115 
120 
135 
155 
174 
193 
211 
228 
238 
261 
289 
298 

2/54 
 (3.7%) 

 15/54 (27.8%)  

 

Fifteen samples of Giardia lamblia were associated with Cryptosporidium out of 54 

(27.3%) and Entamoeba histolytica (3.7%) as shown in table 4.15. 
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Table 4.16: Comparison positive stool ELISA and microscopic examination of 

Cryptosporidium oocysts 

 

Cryptosporidium NO                      % 
Positive for Cryptosporidium by 
Microscopy 

54 18 

Positive for Cryptosporidium by  
ELISA 

50 16.7 

                   

The samples were positive for Cryptosporidium oocyst by modified acid-fast stain was 

18% and by ELISA 16.7% as shown in table 4.16. 

   

Table 4.17: Correlation between stool ELISA and microscopic                                                 

examination of Cryptosporidium oocysts 

 
ELISA 

 
Microscopic 

Infection of 
Cryptosporidium 

- 
+ 
- 
- 
- 

+ 
- 
+ 
+ 
+ 
 

15 
18 
289 
294 
298 
 

 

Four of the fifty-four samples that were positive for Cryptosporidium by microscopy were 

negative by stool ELISA. As shown table, 4.17 identified one positive stool sample. 
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CHAPTER FIVE 

DISCUSSION 

5.1.1 Geographical distribution 

Cryptosporidiosis in humans is predominantly a diarrheal disease, occurring in all age 

groups, with the organisms growing in an intracellular but extracytoplasmic location in 

the enterocytes of the gastrointestinal tract. The disease is more protracted, severe, and 

affects extraintestinal sites in people with innate or acquired deficiencies in immunity 

[66]. According the previous literature few studies have been carried out regarding 

cryptosporidiosis in Gaza strip and West Bank. It was clear that the prevalence still close 

to each other in Gaza strip. The techniques applied for Cryptosporidium oocyst isolation 

were acid fast and antigen detection using ELISA. Findings showed that patients with 

Cryptosporidium infection frequently remain undiagnosed due to traditional diagnosis of 

intestinal parasites using direct smear microscopy which is practiced method in Gaza 

strip. The present study focused on the occurrence of Cryptosporidium among diarrheal 

children under five years old. This study is considered surveillance study because such 

a study provides the foundation for understanding the epidemiology of cryptosporidiosis. 

The present study found that the prevalence rate of Cryptosporidium in children with 

diarrhoea in Gaza strip was slightly high (18%). Our study was similar and close to 

results reported among children in Gaza (19%) [121] but different from that others 

(14.9%) [122]. Cryptosporidium oocysts were detected in 62 (14.9%) of the tested 

samples by acid-fast staining technique and in 68 (16.3%) using ELISA kit [6]. The 

prevalence of Cryptosporidium in children with diarrhoea in the West Bank was lower 

than our study (11.6%) [2]. Our results are consistent with those obtained in South Africa 

with a prevalence rate of (18%) [123] and higher rates of infection were reported in 

Kenya (25%) [50] and 26% in Mexican [101]. Much lower than that obtained in this study 

for children under five years old with gastroenteritis in Irbid, Jordan, the prevalence rate 

for Cryptosporidium was 1.5% [153]. This difference could be attributed to possible 

differences in population. The high prevalence rate of Cryptosporidium in Gaza strip may 

be attributed to wastewater disposal methods and possible contaminating of drinking 

water. In the present study, the detection of 54 cases infected with Cryptosporidium was 

proved using modified acid fat stain but no case was detected by direct smear 

technique.  
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Also during the search in the local literature and the annual reports of ministry of health 

no mention of such parasite. This may be due to the lack of knowledge about this 

protozoan and the poor laboratory techniques, which are limited to direct smear in the 

local medical laboratories in hospitals and private laboratories in Gaza. 

5.1.2 Demographics:   

5.1.2.1 The relationship between Cryptosporidium and gender 

Studying the gender and cryptosporidiosis infection is a debate issue. It was shown that 

total positive rate oocysts was (18%) distributed as 9.4% in males and (27.7%) in 

females where this difference was a statistical significant p = (0.001). The higher number 

of cases in female children may reflect the increased exposure to sources of 

contamination by female or another probability they are often fed less, given less 

nutritious food, provided with less health care. The present findings were consistent with 

previous study in Gaza [6]. In contrast, there was no significant difference observed by 

sex as reported by [50].  

5.1.2.2 Area of residence related to Cryptosporidium infection  

These data indicate that the prevalence of infection with Cryptosporidium is very high 

among children living in villages (25%) and camps (23.4%) and less than the prevalence 

observed in city (12%). So the majority of infected children in this study came from the 

camps and villages thus it was shown that the elevated results in camps and villages 

areas might be due to deficiency of sanitary facilities and diffused faecal contamination 

was commonly seen. They live in overcrowded rooms and belong to low socioeconomic 

classes with poor hygiene, thus direct person to person transmission probably played an 

important role in cryptosporidiosis epidemiology in children. In a similar study conducted 

in West Bank, it showed that prevalence was higher in refugee camps and in rural areas 

as compared to in urban areas [2]. 
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5.1.2.3 The relationship between Cryptosporidium and age 

Cryptosporidium is a leading cause of persistent diarrhoea in children in developing 

countries [34]. Cryptosporidiosis cases are distributed across all age groups, but in the 

most studies of incidence or prevalence, the 1 to 2 year-old population seems to be the 

most age affected. Because cryptosporidiosis has low incidence in infants under one 

year  reflects  reduced exposure to oocysts as a result of breast feeding or bottle feeding 

as well as protection from the limited oral exploration of the world in the period prior to 

crawling or walking. There will also be a degree of immunity derived from maternal 

antibodies against Cryptosporidium in the mother�s breast milk [66]. In the present study, 

cryptosporidiosis was high among children 12�24 months of age as children in this age 

are the most susceptible to disease. This group consistent with the weaning period 

where the children are exposed to risks such as contamination of environment, food, 

water and lack of self-awareness, personal hygiene and cleanliness at this critical age. 

In addition, crawling sometimes begins at this age and the risk of ingesting contaminated 

materials is high, and applicable especially in unhygienic environments. This is in 

contrast to reports on cryptosporidiosis in children in Egypt where infection was most 

common among children less than 12 months of age [1]. Our study is agreement with 

previous reports showing that a study on cryptosporidiosis in children in Gaza showed 

the highest levels of infection among children who are 1�2 years of age and a 

prevalence of 14.9% [122]. Another study on cryptosporidiosis in children in Gaza 

showed the highest levels of infection among children 1�4 years of age and a prevalence 

of 14.9 % [6]. It is not clear why there are differences in susceptibility by age of children 

but there are some possibilities that they may be due to the prevailing Cryptosporidium 

species endemic in specific areas. 
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5.1.3 Seasonality 
 
5.1.3.1 The relationship between Cryptosporidium and seasonal variation 
 
The seasonality of Cryptosporidium varied depending on the geographic locations of the 

studies, but it was generally most prevalent in the rainy season [10]. In the present study 

no clear trend to the relationship between occurrence of Cryptosporidium and seasonal 

variation but the months from January to March showed similar prevalence but the high 

peak of prevalence was noticed in August (24.4%). It was reported that Cryptosporidium 

infections were more common in the late summer in Canada [74] and this was similar to 

our findings. In a previous study, a high prevalence of cryptosporidiosis in the hot and 

dry periods was also reported in Gaza with a significant decrease at the onset of the 

cooler, wet season [121]. This may be attributed to water shortages that are common in 

these regions during the dry season, which result in poor hygiene. In contrast, study in 

Kuwait where rainfall is scanty the highest prevalence was found in cool months of 

November to April [133]. Other studies showed that the seasonal increases in cases are 

linked to increased rainfall [99]. It is assumed that this reflects contamination of drinking 

water sources from sewage and animal waste. Our environment is contaminated where 

economic conditions are very difficult, removal of garbage and sewage treatment faced 

many obstacles.   
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5.1.4 Symptoms in relation to cryptosporidiosis 

Rates of clinical symptoms in our study were higher than rates reported in other studies 

and this could be attributed to differences in study designs. 56 patients had vomiting of 

whom 64.3% had cryptosporidiosis there was significant association between 

cryptosporidiosis and vomiting. Our study is in agreement with previous reports showing 

that the strong association of cryptosporidiosis with vomiting and has been observed in 

other studies in Egypt [1] and in Tanzania [22]. A total of 108 patients had abdominal 

pain of whom 40.7% had cryptosporidiosis there was significant association between 

cryptosporidiosis and abdominal pain due to direct exposure to the infectious agent or 

lack of immunity to Cryptosporidium and or other infectious agents capable of causing 

abdominal pain was not identified but could have play role in the symptoms displayed by 

the children carrying Cryptosporidium. Our study is in agreement with previous reports 

that correlate Cryptosporidium infection with abdominal pain in Indians [15]. Findings 

contrast with previous studies where observations of symptoms varied [63] result of 

differences in environmental risk factors or different genetic types of Cryptosporidium. 

Our study is in agreement with previous reports showing that cryptosporidiosis is 

significantly associated with abdominal pain [138]. Dehydration is the most common 

problem people develop after being infected with cryptosporidiosis. In the present study 

89 children had dehydration of whom 25.8% had cryptosporidiosis due to severe 

diarrhea and there was significant association between cryptosporidiosis and 

dehydration (p= 0.022).  
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5.1.5 Cryptosporidiosis and risk factors      

     

Cryptosporidium was increasing with the presence of garbage around homes (19.2%) 

but no statistical significant difference was found (p=.5). It was observed that, prevalence 

of Cryptosporidium in the case of opened sewage (56.9%) was more than from closed 

sewage (7.5%). However there was significant association between cryptosporidiosis 

and sewage due to the type of sewer (p= 0.001), flooding of sewers is periodical matter 

in Gaza. In addition, this put the risk for transmission and contaminated water, 

environment, vegetables. Thus, children with weakened immune systems are the most 

vulnerable to the pathogens found in sewage. Previous study showed that the strong 

association of Cryptosporidium with environments was conducive to human fecal 

contamination (p = 0.001) [23]. Finding of this study is that drinking of tap water without 

further treatment or processing was associated with cryptosporidiosis when compared to 

drinking filter water (p= .001 ). The children who drank tap water the infection rate of 

Cryptosporidium was 40.7% compared to who drank filter water 2.3%. There was 

significant difference between them due to the lower quality of water and faulty sewage 

lines. Another possibility due to the resistance of Cryptosporidium oocysts to chemical 

disinfection while filter water was the primary mean to remove oocysts from water 

sources. Thick-walled Cryptosporidium oocysts (3 to 6 ìm in diameter) are stable in the 

environment and have been found to remain viable in water for up to 140 days [111]. In 

similar reports� in the US, the potential for drinking water to be associated with 

cryptosporidiosis among immunocompetent persons is relevant since most major known 

outbreaks of cryptosporidiosis involved transmission through contaminated water [54]. 

Previous evidence has suggested an association between drinking of unfiltered water 

from Loch Lomond, Scotland, and cryptosporidiosis [8]. In contrast to reports on children 

in Australian study also found that cryptosporidiosis no association with drinking publicly 

supplied water [116]. In the present study, it was observed that the highest prevalence 

with Cryptosporidium (28%) was in irrigation of lands with pool compared to irrigation of 

lands without pool (16%). Regarding children whose families breeding animals in their 

homes was found highly infected with Cryptosporidium (22.8%) but no statistically 

significant association was found between animal breeding and acquisition of 

Cryptosporidium in these children. 
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 Previous research has associated farm animal contact with outbreaks of 

Cryptosporidium; moreover, calf contact and lamb contact have been identified as risk 

factors for sporadic infection [116]. Other studies indicate that pets are not a major risk 

factor for acquiring Cryptosporidium [53]. Another study of additional interest was the 

reduced likelihood of zoonotic transmission of Cryptosporidium spp. to residents of the 

Loch Lomond supply area because they were less likely to be exposed to farm animals 

[109].� In the present study (16.4%) of children, eating vegetables infected with 

Cryptosporidium. Cryptosporidium can be transmitted through food and [32]. Raw 

ingredients may be contaminated, as may the water used for irrigation [137] and food 

processing, particularly in developing countries [135]. During production and processing, 

raw salad can be contaminated with water containing oocysts [118]. it was found that 

(16.2%) of children had eaten white cheese was found infected with Cryptosporidium 

this may be due to dairy products having caused outbreaks when the milk was 

improperly pasteurized [51].  

 � 

5.1.6 The relationship between cryptosporidiosis and breast-feeding 

Most previous studies on the prevalence of cryptosporidiosis in children associated with 

breast-feeding, especially exclusive breast-feeding; found lower infection rates [1]. In the 

present study (18%) of children breast feeded was found infected with Cryptosporidium 

but no statistically significant association was found between breast-feeding and 

Cryptosporidium. In spite, other opinions reported that exclusive breast-feeding protects 

children from exposure to diarrhea- causing pathogen [124]. 
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5.1.7 The relationship between cryptosporidiosis, education and occupation 
 
In the present study regarding education the infected children belong to mothers with 

secondary level education were found to be high infected with Cryptosporidium (19.7%) 

compared to other levels of education due to better-educated mothers tended to enjoy a 

relatively higher standard of living. In addition, education was reflected in child rearing 

and child health care practices during illness. Our study disagreement with previous 

study shows that cryptosporidiosis was not associated with the educational achievement 

of either parent [100]. In children who have employee, mother or student mother they 

showed high prevalence of (28.7%), (25%) respectively compared to house wife (7.1%). 

Due to that employee mother leave here children a long time thus living conditions of 

these children will not be safe and they lack of self awareness at this critical age and 

may need to care in this age or may has been less  childcare. 

 

5.1.8 Other protozoan parasites 

In the present study the prevalence of other protozoan parasites detected E. histolytica 

and Giardia lamblia were similar & close (5%) and (5.7%) respectively. Four cases of 

Ascaris lambricoides (1.3%), 3 cases of Enterobius vermicularis (1%) and 1 case of 

Trichuris trichiura and Hymenolypes nana (.3%). 

 

 5.1.8.1 Co- infection related to Cryptosporidium 

Infections with two or more pathogens can occur, particularly in people returning from 

developing countries. It is thought to represent exposure to sources of contamination 

that contain multiple pathogens such as sewage or animal waste [102]. In present study 

Co-infection between Cryptosporidium and Giardia results from the existence of a 

common source of infection. Our study is agreement with previous study that reported 

significant association between Giardia and Cryptosporidium [70]. In contrast, other 

study found no association between Giardia and Cryptosporidium [63]. 
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5.1.9 Correlation between stool ELISA and microscopic examination of                     

Cryptosporidium oocysts 

An ELISA test with high sensitivity and specificity for the coprodiagnosis of 

Cryptosporidial antigen, which is not dependent on the skill of the technicians. Where the 

identification of the Cryptosporidium was based on the staining and identification of the 

oocyst with a size of 4-6 ìm with a pink color on a green or blue according to the counter 

stain. It was stated that the morphological detection and identification of the oocyst, 

offers a diagnostic alternative to the laborious conventional direct microscopy [89]. In 

present study at least one of the ELISA-positive, microscopy-negative samples 

suggesting either that microscopically undiagnosed Cryptosporidium sp. was still present 

or that the ELISA detected parts or components organisms or fragments,  simply mean 

that  presence of cryptosporidial antigens in the stool without the presence of whole 

oocysts. One unconfirmed positive microscopic examination, in this case that ELISA 

confirmed that presence of Cryptosporidium. Three samples were negative while 

microscopic positive one possibility due to amount of oocyst in sample very few or 

oocysts may simply mean that these samples contained an amount of free antigen 

below the sensitivity of the assay. This ELISA is quite practical. Samples are easy to 

prepare for the ELISA and particularly useful to diagnosing cryptosporidiosis often in 

epidemiology. 
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Chapter SIX 

 
Conclusions and Recommendations 

 
6.1 Conclusions 
 
 
1- Cryptosporidiosis still exists among children in Gaza strip. 

2- Intestinal parasitic infection is an important public health problem in camps and 

villages areas. 

3- The prevalence of Cryptosporidium is high when compared to that in developed 

countries. 

4- It was found that 54 of children attending Al-Nasser, European hospital, Gaza strip 

were infected with Cryptosporidium with a prevalence of (18%). 

5- There was a difference in the prevalence of Cryptosporidium among males (9.4%) 

and (27.7%) among females. 

6- It was observed that the highest prevalence with Cryptosporidium (24.4%) was in the 

age group (12-24 month old) while the lowest prevalence with Cryptosporidium (5.9%) 

was in the age groups (25-36 month old). 

7- In the present study, the detection of 54 cases infected with                  

Cryptosporidium was proved using modified acid fat stain but no case was detected by 

direct smear technique. Also during the research in the local literature and the annual 

reports of ministry of health no mention for such parasite.  

8- The most frequent symptoms was found to be abdominal pain (40.7%), vomiting 

(64.3%), nausea (34.6%), fever (14%), dehydration (25.8%). In children with only 

cryptosporidiosis and this very statistically significant (P< 0.05). This association 

between Cryptosporidium and these symptoms represent a strong evidence for the 

pathogenicity of Cryptosporidium. �����  

9- Control measures depend on improved public health, including personal hygiene and 

sanitation, awareness program should be launched. 

10- ELISA test is simple, reliable, for screening a large number of samples in short time. 
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6.2 Recommendations 
 
There some suggestions that may help us move in the right direction  

1- Our findings suggest the necessity of the application newer instructions to apply the 

routine testing for Cryptosporidium on all children with diarrhea and these pathogens 

should be taken into account. 

2- Cryptosporidium should be considered, as it is now neglected or misdiagnosed. 

3- Measures should be taken to ensure the delivery of clean uncontaminated drink water 

to people especially who are living in camps and a villages areas. 

4- Developing proper sewage systems instead of septic tanks. 

5- Future studies should address the drinking water issue and its contamination with 

Cryptosporidium. 

6- Further studies need to be done with a larger sample to understand risk factors 

associated with zoonotic transmission of Cryptosporidium spp. in the population. 

7� In epidemiological surveys, its better use ELISA technique due to its simplicity, 

reliability and screening a large number of specimens in short time. 
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Appendix (3)��

    Materials 

    Apparatus 

- Light microscope, ELISA, vortex mixer, centrifuge and refrigerator 

    Equipments 

- Slides, glass tube, wood sticks, gauze pads, conical tubes, gloves, sterile 

disposable plastic container, labeled, cotton, plastic droppers, beads, permanent 

marker and plastic funnels. 

    Reagent and stain 

- Sodium acetate acetic acid formaldehyde (SAF) (10%), ether, ethyl alcohol (70%), 
modified acid-Fast staining kit, ELISA kit and immersion oil. 
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Appendix (4): The examination of Cryptosporidium by modified acid fast stain 
 

Cryptosporidium Number % 
with Cryptosporidium 54 (18) 
without Cryptosporidium 246 (82) 
Total 300 100.0 
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Appendix (5):  The result of Cryptosporidium staining with relation to sex among 

the children 

 

The sex of the children 
Males Females 

Sex 

No. % No. % P value 

Infected 
 15 (9.4) 39 (27.7) 
Not infected 
 144 (90.6) 102 (72.3) 
Total 
 159 100.0 141 100.0 

0.001 
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Appendix (6): Distribution of stool sample with Cryptosporidium infection 
 

��

 
 
 

Appendix (7):  Distribution of Cryptosporidium due to sewage and garbage 
prevalence  
 

Without 
Cryptosporidium 

With 
Cryptosporidium 

P Value 

No.                 % No.                 % 

 
Parameter 

 
 
0.001 

185           (92.5) 
28              (43.1) 
33              (94.3) 

 15              (7.5) 
 37              (56.9)  
  2                (5.7)     

Closed sewage(n=200) 
Opened sewage(n=65) 
Tank septic n= 35 

 
 
0.5 

 
147           (80.8) 
  99           ( 83.9) 

 
 35              (19.2) 
 19              (16.1) 

(Prevalence of garbage ) 
There is garbage n=(182) 
There is no  garbage n=(118) 
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Total Negative for 

Cryptosporidium 
Positive for 

Cryptosporidium 
Seasonal 
variation 

 
P 

value 
 

% No. % No.  
49 (89.8) 44 (9.4) 5 June n=(53) 
50 (90) 45 (14) 5 July  n=(50) 

51 (74.5) 38 (24.4) 13 Aug� n=(45) 
50 (78) 39 (20.8) 11 Jan n=(53) 
50 (80) 40 (20.4) 10 Feb n=(49) 

 
 
 

0.4 

50 (80) 40 (20) 10 March�n=(50) 
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Appendix (8): Distribution of Cryptosporidium due to irrigation of lands 
 

Without 
Cryptosporidium 

With 
Cryptosporidium 

P 
Value 

 
 
No.                 % 

 
 
No.                 % 

 
Irrigation of lands with pool 

 
72�����������       (36) 
 

14             (28) 

 
Irrigation of lands with pool 
n=(50) 

 
 
 
 
 0.044 
 

210               (84) 
 

40                    (16) 
 

 
Irrigation of lands without 
pool n=(250) 

 
 
 
 
Appendix (9): Distribution of Cryptosporidium due to breeding animals 
 

Without 
Cryptosporidium 

With 
Cryptosporidium 

P 
Value 

 
 
No.                 % 

 
 
No.                 % 

 
Breeding animals 

                  
    88      ���������� 77.2 )          
 

               
26                 ( 22.8) 
 

 
There is breeding animals 
n=( 114) 

 
 
 
0.09 

 

158               ( 84.9) 
 

28                (15.1) 
 

 
There is no breeding     
animals n= (186) 
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